The effects of preoperativefasting on plasma glucose and gastric emptying was studied in 62 infants aged less than three months after a feed of either breast milk or an infant milk formula. Prior to induction of anaesthesia no infant was hypoglycaemic, defined as plasma glucose < 2.2 mmolll. Five per cent of infants had a significant volume of residual gastric contents. The mean intraoperative plasma glucose levels rose significantly and this was not influenced by the use of intravenous H artmann's solution or low dose opioids. Infants in this age group tolerate three-to four-hour preoperative fasts well as no infant became hypoglycaemic intraoperatively. They demonstrate a hyperglycaemic response to the stress of anaesthesia and surgery, and may not need routine intraoperative glucose supplements although plasma glucose should still be monitored.
The optimal duration of preoperative fasting in small infants will be determined by the risk of hypoglycaemia associated with prolonged fasting, and the risk of pulmonary aspiration of residual gastric contents which may result from short fasting periods.
Preoperative hypoglycaemia has been reported to occur in up to 28% of infants, l·tO but few studies have included infants under one year of age. One previously published study of fasting in infancy which included infants under three months of age demonstrated a zero incidence of hypoglycaemia. 2 However, 8% ofthose infants receiving a non-milk preoperative feed, and 33% of those receiving a cow's milk feed were considered at risk of pulmonary aspiration pneumonitis. Prolonged fasting may not decrease this risk but can upset the infant and thus the parents, and may lead to dehydration.
This study was therefore designed to specifically look at these risk factors in infants under three months of age to determine the influence of preoperative fasting on glucose levels and gastric contents. In view ofthe higher aspiration risk found with a preoperative feed of cow's milk,2 we wished to assess if this also occurred with feeds commonly used in this age group such as breast milk and an infant milk formula.
MATERIALS AND METHODS Sixty-two infants were included in the study, All presented for routine surgery, Infants with feeding disorders or gastrointestinal abnormalities were excluded, No infant received intravenous fluid prior to surgery, Informed written consent was obtained from one parent of each participating infant and approval was granted by the hospital's Research Ethics Committee.
Infants received either breast milk or infant milk formula NAN (Nestle Australia Ltd.) three to four hours preoperatively, timed whenever possible to coincide with their normal feeding pattern, They were then fasted until surgery and received no premedication, The two groups were allocated according to their usual feed type. Since the amount of breast milk taken could not easily be controlled no volume limit was placed on either group. Frequency of normal feeds was noted as 3 to 4, 5 to 6, or 7 to 9 times per day.
Immediately prior to induction of anaesthesia a capillary blood sample was taken by an experienced biochemistry technician. This was analysed for acid/base chemistry and plasma glucose level. Just before sampling an observer noted whether the infant was crying or was calm. Following inhalational induction of anaesthesia and endotracheal intubation a 10-French gauge orogastric tube was inserted. Residual gastric contents were aspirated with the infant in the supine and then the left lateral position. The volume was recorded. At a time greater than thirty minutes following induction of anaesthesia, a venous blood sample was taken for repeat plasma glucose analysis. A record was kept of the drugs and intravenous fluids used during surgery. The subsequent anaesthesia technique was at the discretion of the anaesthetist involved. If used, opioids were given in low doses.
All data collected was entered into a microcomputer file to enable statistical summaries and analyses to be obtained. The means, standard deviations, and ranges were obtained for glucose levels and fasting times. Statistical comparisons were made using paired Student's t-tests for the change in the pre-and post-induction glucose levels, and unpaired Student's t-tests for comparisons between two groups. Analysis of variance was used for comparisons between three or more sub-groups. Linear regression was used for correlation of glucose levels with fasting and sampling times. Statistical significance was tested at the 0.05 level, i.e. P < 0.05 was considered to be significant. Table 1 shows the demographic comparison of the two feed groups. The formula fed group was on average three weeks older than the breast fed group. Mean age was 61 days. Mean post-conceptual' age was 46.5 weeks. There were seventeen ex-premature infants « 3 7 weeks gestation at birth), equally distributed between the two feed groups.
RESULTS
No infant was crying prior to initial blood sampling. Table 2 shows the fasting times and plasma glucose levels for the two feed groups. No infant was hypoglycaemic, defined as < 2.2 mmolll. ll There was no difference between feed types or between full term and ex-premature infants. There was no correlation between fasting time and preoperative glucose levels. Table 3 shows the influence of normal feeding frequency on plasma glucose levels in response to preoperative fasting. There were no significant differences in fasting times or plasma glucose levels between the three groups. There was no correlation between feeding pattern and plasma glucose levels. Feeding frequency was not recorded on four infants who are excluded from these figures.
The measured blood pH and Peo2 values were converted to 'non-respiratory' pH units.12 Mean non-respiratory pH was 7.41 (SD 0.05) and bicarbonate 24.8 mmolll (SD 3.1). There was no difference between feed types.
Gastric contents could be aspirated from eleven infants. These infants had a mean fasting time of 261 minutes. This data is presented in Table 4 . Three infants exceeded 0.4 ml/kg residual gastric contents. The individual fasting times for these three infants were 160, 162 and 255 minutes. The first two times were the shortest of any fasting times in the study. The infant fasted for 160 minutes Anaesthesia and Intensive Care, Vol. 18, No. 4, November, 1990 received breast milk preoperatively while the other two received infant formula. Intraoperative plasma glucose samples were available for 40 infants. Mean plasma glucose was 6.5 (SD 1.3) mmolll, significantly higher (P < 0.05) than the preinduction level. No intraoperative level was below 4.0 mmol/l. The mean time from induction to blood sampling was 51.8 minutes (SD 26.6). There was no correlation between plasma glucose and time interval to sampling. One patient was given 5% dextrose as intraoperative fluid and achieved the highest level of glucose recorded at 19.1 mmolll. The next highest level measured was 8.9 mmol/l. Table 5 shows the influence of intravenous fluid and low dose opioids on intraoperative plasma glucose levels. Seven of the fourteen infants receiving an opioid were given morphine and the other seven fentanyl. Intravenous fluid usage was not recorded for two infants and they were excluded from this section of the table. The one infant receiving 5% dextrose intraoperatively was also excluded from this section of the table. There was no significant difference (P < 0.05) with either therapy.
DISCUSSION
No infant in this study was hypoglycaemic at the completion of a preoperative fast of 4.5 hours. In spite of some fasts up to eight hours no infant was crying at the time of presentation to the operating theatre and no infant was acidotic on biochemical analysis. This suggests that they were not distressed by this interval without food or fluid, and that their ability to avoid hypoglycaemia was due to normal glucose homeostasis. The seventeen ex-premature infants and the 22 infants accustomed to feeds at about three-hourly intervals fared equally well. It is difficult to accurately predict the time of onset of anaesthesia and surgery even for elective cases. Feeds prescribed three hours preoperatively in this study often led to fasts in excess of four hours, and up to six hours. These results suggest that infants under three months of age are resilient to the effects of food deprivation. This finding and the failure to find a correlation between fasting time and plasma glucose levels offer some reassurance that unavoidable delays will be well tolerated by small infants. Other authors report an incidence between zero and 28% of preoperative hypoglycaemia in children. I-tO Thomas l suggested that those under 47 months of age were at greater risk than older children. Most studies have been undertaken on children over one year of age, and have used definitions of hypoglycaemia between 2.2 mmol/l and 3.3 mmol/l. Nilsson lo included thirty infants under four months of age in a study of 70 infants under 22 months of age_ No infant had a blood glucose below 2.9 mmol/l immediately following induction on anaesthesia. Van der Walt and Carter 2 provided a separate analysis of the 55 infants under three months of age in their study totalling 123 infants. No infant in either age group had a fasting plasma glucose less than 22 mmolll. Our results are consistent with these reports. The subjects we investigated were all healthy term and ex-premature infants who appear to have adequate carbohydrate reserves to mobilise during elective preoperative fasting_ Paediatric patients are considered to be at higher risk of aspiration pneumonitis than aduIts_ Manchikanti found that 60% of children 0.81 to twelve years of age presenting for surgery were at risk by the accepted criteria of having gastric contents with pH < 2.5 and volume> 0.4 mllkg. 13 Cote found 76% of 55 children aged three to seventeen years were at risk by the same criteria. 14 Again there are few reports including infants under three months of age. Van der WaIt and Carter 2 found 8% of infants under three months were at risk using these criteria if they received a non-milk feed.
Of those receiving cow's milk 33% were at risk. We were able to aspirate gastric contents from eleven infants. Three of these exceeded 0.4 mllkg in volume, representing a 5% risk of having a significant volume of residual gastric contents. In fact only one infant fasted for over three hours remained in this category. In this study breast milk only was offered to the milk fed group. Of the eleven infants with positive aspirates, three were milk fed and only one exceeded the volume criterion. Although the small numbers do not allow reliable statistical analysis breast milk does not appear to produce a greater volume of residual gastric contents than formula feed given preoperatively. Blind gastric aspiration underestimates the true residual gastric volume l5 and thus is likely to lead to an underestimation of pulmonary aspiration risk. However, it is the simplest and most commonly used method. Aspiration under direct gastroscopic vision and dye dilution techniques may be more accurate, but we did not feel the additional time required and complexity of these methods were justified for this study. Our figures suggest the risk is low with fasting times greater than three hours. It is not established whether prolonged fasts reduce this risk.
Intraoperative plasma glucose levels rose significantly in the forty infants in whom this was measured. The stress of anaesthesia and surgery produces a similar response to that seen in older age groups. These levels were measured on average 52 minutes into the surgical procedure at which time no infant was hypoglycaemic. Only three infants at this time had glucose levels lower than their preinduction level. Two of these received an opioid, although overall comparison did not show a difference with opioid usage. Further work is needed to elucidate the influence of anaesthetic agents on the stress response of infants. Of more fundamental interest is the place of glucosecontaining intravenous fluids during elective surgery on young infants. Hypoglycaemia during anaesthesia and surgery is a preventable lifethreatening event. It is common practice to routinely give small infants 5% or 10% glucose intravenously. It has been previously shown that this may lead to significant hyperglycaemia. 16 This may itself predispose to undesirable effects such as an osmotic diuresis or rebound hypoglycaemia and may possibly adversely affect neurological outcome after an ischaemic insult. The only infant in our study to receive 5% dextrose had the highest blood glucose recorded at 19.1 mmol/l: this was twice the level recorded in any other infant. The use of a dilute glucose solution such as 1 % or 2.5% allows adequate fluid infusion volumes with less risk of hyperglycaemia. 17 Most of our infants received either no intravenous fluid or Hartmann's solution, and all had plasma glucose levels over 4 mmoUI. The numbers in our study are not large enough to exclude a small incidence of intraoperative hypoglycaemia with this aproach to fluid management. Some infants and children 18 do not show a rise in glucose with surgical stress, so this response is not a universal protection. Intraoperative measurement of plasma glucose levels is the only reliable way to detect marked deviation from normal and to guide rational changes in perioperative glucose therapy.
